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Improved 12Cr Rotor Forging for Ultra-Super-Critical Steam Turbine
Masao SHIGA, Yuitaka FUKUI, Seishin KIRIHARA,
Ryoich KANEKO, Fumio ITO and Shigekatsu SUGAI
Synopsis :

Effect of chemical compositions on creep rupture strength and fracture toughness in 12Cr type steel

for 593°C/316 atg Ultra-Super-Critical (USC) steam turbine were investigted.

In this study, as a rotor

material for 593°C USC steam turbine, 11Cr-1.2Mo-W-V-Nb-N steel were newly developed.
On the basis of preliminary studies, a trial large rotor forging 70t in weight was manufactured by the

developed material.

This rotor forging had high creep rupture strength compared with conventional 12Cr

steel rotor forging and was superior to quality and the other mechanical properties.
Key words : 12Cr heat resistant steels ; creep rupture strength ; toughness ; rotor forging ; steam turbine.
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Table 1. Chemical composition and heat treatment of the steels examined (wt%).

No. C Si Mn P S Ni Cr Mo w A" Nb N Heat treatment

1 0.13 0.29 0.57 0.021 0.009 0.65 11.15 1.24 0.23 0.22 0.09 0.051 | Quench :

2 0.13 0.26 0.56 0.020 0.009 0.60 11.14 0.95 0.21 0.19 0.10 0.037 | 1050°CX2h 100°C/h

3 0.13 0.25 0.49 0.019 0.010 0.66 11.01 1.52 0.20 0.24 0.07 0.040 | Temper :

4 0.13 0.32 0.54 0.022 0.008 0.63 11.04 1.26 0.03 0.20 0.09 0.035 | 565°CX15h AC

5 0.13 0.28 0.52 0.023  0.009 0.60 11.09 1.24 0.42 0.19 0.09 0.035 | 665°CX45h FC

6 0.14 0.28 0.56 0.020 0.009 0.66 11.21 1.24 0.23 0.22 0.05 0.037

7 0.13 0.27 0.48 0.024 0.008 0.64 11.07 1.27 0.21 0.20 0.18 0.037
11 0.14 0.14 0.44 0.008  0.008 0.62 10.44 1.25 0.29 0.15 0.04 0.046 | 1100°CX2h 100°C/h

12 0.16 0.15 0.45 0.008 0.007 0.66 10.59 1.23 0.45 0.15 0.04 0.044 | 565°CX15h AC, 665°CxX45h FC
21 0.12 0.06 0.54 0.007 0.005 0.58 10.21 1.33 0.27 0.19 0.06 0.053
22 0.16 0.06 0.53 0.009 0.006 0.57 10.27 1.33 0.26 0.19 0.06 0.053 | 1100°CX2h 100°C/h
23 0.18 0.06 0.65 0.008 0.006 0.57 10.35 1.32 0.26 0.20 0.06 0.053 | 565°CX15h AC, 665°CX45h FC
24 0.19 0.06 0.70 0.008 0.006 0.58 10.39 1.32 0.25 0.19 0.06 0.053
31 0.16 0.28 0.59 0.010  0.009 0.46 10.45 0.99 — 0.18 0.05 0.62 1050°CX34h W. F. Q

565°C X 29h FC, 665°CX50h FC
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a) Steel 21 (0.12%C) b) Steel 23 (0.18%C)
Photo. 1. Microstructure of the typical steels examined.
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Photo. 2. Transmission electron micrographs of conventional rotor (Steel 31)
and improved rotor (Steel 11) (Extraction replica).
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Table 2. Chemical composition of improved 12Cr rotor forging (wt% ).
C Si Mn P S Ni Cr Mo W \Y% Nb N
Improved Aim 0.14 <0.07 0.55 <0.015 <0.010 0.60 10.5 1.2 0.30 0.18 0.05 0.05
12Cr rotor Analysis 0.15 0.04 0.54 0.006 0.005 0.64 10.2 1.2 0.34 0.15 0.05 0.05
Conventional 12Cr rotor 0.18 0.3 0.7 0.01 0.01 0.5 10.5 1.0 — 0.20 0.08 0.06
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Photo. 3. Appearance of improved 12Cr rotor
forging.
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Fig. 6. Heat treatment of improved 12Cr rotor
forging.

BRFERER R T 2 a— MREABREY ER L 7.
ZORER, ARFu— 5 ZERRTHRETH D Z LIH
=N (I A

2)= 70RO 7 iRk

Photo. 4 3 FEM L~ 7 u ikt Ry, ~ 7 o
i a— ¥ ORE K Top il 2 & Bottom il ¥ TS
TH 7. w7 OBELR—WEHICO2WVWT, $ V777

Photo. 4. Macro structure of
improved 12Cr rotor.

o

[ & ]
21204
AN

Photo. 5. Microstructure of improved 12Cr rotor.



1098

& & W F 764 (1990) 7 H

4500

1800 Unit :mm
DT DM DB
Toy =1 4
—ﬂ‘l__l— ] Bottom
o
Remhe it 77 sk Sfosteiants simtendents mipals 77 b —————————— } 7/, S———
cT CM CB
Specifi Top Middle Bottom
-cation cT pT CM DM CB DB
T.S. (MPa) =824 892 895 914 918 207 896
0. 2%Y. S. (MPa) - 176 786 803 804 792 780
El (%) =15 18.2 18.0 18.5 18.8 18.4 18.8
R.A. (%) =35 53.5 56.8 58.0 55.2 57.0 56.5
FATT c) =80 - - 45 a1 - -
vEzo (J) =13.8 | 36.3 33.3 34.3 27.5 35.3 21.6

CT, CM, CB : Center core DT, DM, DB : Radial body

Fig. 7. Dimension and mechanical properties of
improved 12Cr rotor.

50 50
400+ 40
600°C [630°C
Radial body [¢] 0 -
200- Center core N v 430 |3
5 £
o N
= g
200} l20 7
" v
2 s
1S -
P »n
593°C, 10°h
100 I ] I I
27 28 29 30 31 32

P=T (30 +Llogt)x 103

Fig. 9. Larson-Miller master rupture curve of
improved 12Cr rotor forging.

700 ~70
600 160
500 Smooth| Notch |
. 50
| Radial body 0 [ ]

400 Center core A — 40
300 130
S Notch,600°C E
%. O\l\ ~€_ D
2200} o T~ £5mooth 600°C120 2
. . \ ~. S -~
019 m\ \\E @

~

w wn ~ 9
§ £ o D0 ~Notch, 630°C &

& 100t el Q\ Hro

Notched specimen(mm ) Smooth,630°C .
pectm , ) Fig. 8. Creep rupture strength of
10 102 10° 10% 10°

Time to rupture (h)

Uy MRABRSEM L 225, RITAKFEF IR RET
ZF)of:.

Photo. 5 i3 fXEMNVED I 7 0k % /Rd. SAME
MBI — s OB L LY —LEb LT ¥ A
MK THY, BELR 6§ 7914 A BDLNT, B
h}f“ﬁ)ot. »

O — % OMNAVE K T Top 7> & Bottom il ¥ T 10 f#
BT D W TR T %47 o 72 4E R, BMREITIZEED 5 h
Zhoiz.

Fig. 7 @3{Eu— s oK T e RN 25D &
OHBRBERERT. 7R ROHERBRIO— 5 0
WALE 11 BETIC oW TEM L, RERF R E K O
M OZEBLR/. ZORE, 7RSS, HEREN R
NF—ROEEBRIRE (FATT) 3BHARBZE#EZ 59
WRL, HR 12Ccllou—yo#HN» Iz E
EE% BIFRETH - 72, REBERRIIE RO H 02
BIEFICH R E RO — 7 THDH I EHHERENT.

WEROEA ST — & L fLoBME (HERIT *
WF—, FATT) BAVEEBICH<ELLLEL 256255, K
R 12Cr #iu — & 3L ERCEL 2 AR S h

improved 12Cr rotor forging.

Vv, CHIIARHER 12Cr MOBEAM S, BREEH#Ho—
FHMICHNFLIEBRLTWEZDTHAS).
5:3 HEOQO—200 Y —THHERE

1 )8 2 ) — THRNRE

Fig. 8 30— ¥R (Fig. 7 ® LEICRTAIE)
P HRIL 72AEBRF OF R OCUIR & 7 1) — THRTAER
RO -BEHEREFERR RS, Fig. 9 3FHE 2 ) —
THERT R ERAS B % Larson-Miller @ Master B HH A7 12
TLOHDTHE. BRET— 7 OFiF 7 ) — TR
W, O— AR PLEROENITEAE R
BCTHhAH. 593°C, 10°h X 150 MPa TH b, BA%K
HiZfE (=108 MPa) #+4ME LTV,

2)R & 2 ) — THEMRE

YR E 7Y — THKMEIR, Fig 8 II/RT X951,
TERELDE L (EY., AREUR 12Cr Ma— 54
YR ik i, 2 ) — THRTERSERBAITY
BERTwD (B 20% Uk, &b 75% LLE) 72T
H5I.

VB — 7ML R 12Cr v — 4t 105h 2~
1) — TG R T



BEEREY — ¥ B R 12Cr #u — ¥ 418 1099

Improved 12Cr rotor
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Fig. 10. Creep rupture strength of improved 12Cr
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